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Abstract 
Up to now, even with the tremendous social and technological progress, pollution problems still occupy the 
focus of many researchers all over the world, and hence this paper focused on the treatment of domestic wastewater. 
In this context, a bi-layer filtration system made of sand dune and activated carbons have been developed. This latter 
was obtained from the hydrolysis of local date stones. The total thickness of the filter media was 60 cm. The height of 
the resulting bed ranged from 0 to 24 cm, and was controlled by adding only activated carbons. The efficiency of the 
filtration system was evaluated by monitoring the time-courses of COD and BOD5 values, as well as their evolution 
over the height of the bed. The comparison of these results to those obtained with a bed of sand dune only showed a 
clear enhancement of the efficiency which lay between 80-95 (%) for COD and 78-94 (%) for BOD5 
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1. Introduction 
 
 Sand filters are a natural media, that can be used as a massive filter for wastewater treatment [1-
2]. It displayed two roles; on one hand the retention of solids and biomass fixation that could be 
developed on the granular material, and on the other hand the biodegradation of organic, phosphorus and 
nitrogenous pollutants [3-4]. 
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Over the recent years, activated carbons have been widely used as an active support for the 
treatment of wastewater. This importance comes from the possibility of making readily structural 
modifications leading particularly to the enhancement of both porosity and specific surface [5-8]. On the 
basis of such characteristics, it has attempted in this study to set up a bi-layer filtration bed made of 
activated carbon and sand dune. This pilot was developed essentially for the purification of domestic 
wastewater. The efficiency of the resulting filtrating system was assessed from the monitoring of the 
following parameters: acidity, conductivity, chemical and biochemical demand on oxygen (COD, BOD5). 
 
2. Materials and Methods 
 
         Known by its specific characteristics of sand dunes, N’Goussa region (Ouargla) has been chosen as 
a site for our investigations. This work was a continuation of previous series of comparative studies on 
this material [9]. Sixteen samples have been arbitrarily taken from eight different points of a quarry. For 
each point, two swabs have been located. One at the surface level and the other at 30 cm in depth. The 
exploited sand is a homogenous mixture between the different samples taken in equal quantities. The 
physico-chemical analysis results are collected in Table 1 
 
Table 1 : Physico-chemical parameters of sand. 
Parameter Value
d10 (mm) 0.108
d30 (mm) 0.123
d60 (mm) 0.232
uniformity Coefficient Cu 2.148
Grading Coefficient Cc 0.032
                       Real density  kg/ m3 296
                   Apparent density kg/ m3 1785
                          porosity n (%) 39 ,70
                    grading Tightenend Granulometry
 MO ( % ) 0.086 
pH 8.46 
Sels (%) 1.91 
CaCO3 % 0.240 
 conductivity ms/cm 3.3 
 
Date stones are oblong hard seeds of variable lengths weighting about one gram. They represent 
7-30 % of the total weight. They are made of corneous albumen and protected by cellulosic envelop [10].  
Deglet-Nour variety, as a raw material, has been utilized as source of the studied date stones. Activated 
carbons were prepared according the following procedure. 
Once date stones are separated, washed with distilled water, they were dried to 105 C° overnight. 
A grinding operation was then carried out leading to the obtention of granular particles having a diameter 
less than 4mm.The resulting product was subjected to calcinations in a closed crucible at 600C° during 
two hours [11]. The chemical activation was achieved by mixing tow aqueous solutions of ZnCl2 (2N) 
and H3PO4 (3N) [12, 13] .The mixture was heated up to 110 C° for one hour. The rinsing water was 
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intensively washed with distilled hot water till complete neutralization of the acid medium. The resulting 
activated carbon was dried overnight and characterized (see table 2). 
 
Table 2  Physico-chemical parameters of activated carbons 
 
Parameter Values 
                       Real density  (g/cm3) 0 .4905 
Apparent density (g/cm3) 0.37663 
uniformity Coefficient CU 2.95 
d10 (mm) 0.097 
specific Surface Ss (BET) (m2/g) 197.41 
pH 6.77 
CE ȝs /cm 700.6 
3. Pilots Setting up
The prototype involved in this study was constituted of seven filtration pilots which were made 
of PVC columns having each one a diameter of 80 mm and a height of 700mm [14].The filtration bed had 
a section of 4540 mm2 and a thickness of 600mm.The resulting filtration system was then made of a bi-
layer of sand in contact with activated carbon at various heights (see table 3). Each filter was equipped 
with a drainage device as illustrated in figure 1 
Table 3 :  pilot’s dimensions  
 
pilot H sand (cm) H carbon (cm) 
N 60 0 
N4 56 04 
N8 52 08 
N12 48 12 
N16 44 16 
N20 40 20 
N24 36 24 
   
 
                                                                                                         Figure 1 : filtring pilotes 
 
The instability of the existing organic compounds in wastewater often led to changes of their 
characteristics from a region to another [15]. From this, the wastewater samples have been systematically 
compared to the composition of domestic ones which were taken as a reference. Therefore, different 
concentrated solutions made of mixtures of chemicals and alimentary products have been prepared 
[16].To ascertain the stability of the water quality, five consecutive measurements of pollution parameters 
have been controlled over the whole experience. The results demonstrated that the differences between 
the obtained values can be neglected. For optimal error estimation, the arithmetic means approach as 
indicated in table 4 has been adopted. 
 
 Table 4 Characteristics of the prepared waste water 
N16 
 
N20 
 
N24 
 
N12 
 
N8 N4 N 
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 A periodic alimentation per hour of the pilots was carried out in order to ensure the optimal 
operatoring conditions of the column, namely biomass regulation and oxygenation. Thirteen injections of 
40 mL per day were realized. Otherwise, the global daily consumption of each filter was 520 mL 
 
4. Results and Discussions 
 
             The efficiency of the filters was weekly evaluated by carrying out a sampling operation on the 
inputs and the outputs of the columns. The essay period was spread out over 77 day by measuring the 
following parameters: acidity, conductivity, chemical and biochemical oxygen demand. 
 It is to be noted that the pH values of the wastewater lay between 5.03 and 6.86 as shown in 
Table 5. This change from a region to another was most likely due to ambient temperature variations that 
could affect the fermentation of wastewater. In each pilot, the pH values of filtered water are always 
greater than those of the raw water. This might be attributed to the presence of alkaline salts. All the 
values of the pilots lay between 6.94 and 8.61.The maximal value (8.6) has been recorded at the filter 
level containing 52 cm sand in height. 
Table 5:  pH values as function of time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 A daily measurement of water conductivity has been recorded at the inputs and outputs of the 
column. The variation of conductivity as a function of time is shown in figure 2. Analysis of these values 
led to two significant observations. The filtered waters were characterized by an important conductivity 
exceeding 45 mS/cm for the first recovered drops, namely significantly above the values observed for 
wastewater (0.738 to 0.839 mS/cm) and raw water conductivity was usually stable within the interval of 7 
to 77 days. The second observation concerned the conductivity curve which showed three parts. The first 
three days were characterized by a remarkable decrease of the conductivity values. It represented the 
leaching stage of filters [17]. During this step, high conductivity values were obtained, especially for the 
Parameter Values 
BOD5 312r 25.88 mg/l 
COD 619.12 r 33.29 mg/l 
CE 801r 45 (ȝs/cm) 
pH 5.99r 0.68 
 Time (week) / pH 
Filter 1 2 3 4 5 6 7 8 9 10 11 
EU 5.61 5.03 5.2 5.13 5.6 6.67 6.86 6.32 6.6 6.43 6.5 
N 7.78 8.26 8.21 8.08 8.21 8.62 8.48 8.48 8.51 8.38 8.31 
N4 7.86 8.19 8.26 8.45 8.42 8.38 8.22 8.43 8.6 8.58 8.59 
N8 6.94 7.69 8.46 8.4 8.38 8.61 8.13 8.32 8.35 7.88 7.95 
N12 7.73 8.07 8.3 8.36 8.52 8.6 8.55 8.45 8.51 7.83 7.93 
N16 7.97 8.14 8.39 8.54 8.54 8.55 7.96 8.56 8.19 8.06 8 
N20 7.76 8.16 8.14 8.21 8.63 8.66 7.9 8.48 8.38 8.1 8.1 
N24 7.79 8.08 8.4 8.45 8.44 8.41 8.41 8.57 8.4 7.75 7.69 
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first recovered drops. These values were very high in the beginning of the operating time, due to the high 
concentration of soluble salts (the starting point of salts leaching that exist in sand and activated carbon). 
It should also be noticed that these conductivity values were linked to the initial salinity of the sand. From 
3 to 14 days, a stable value of the conductivity (3.5 mS/cm) with small changes between filters has been 
obtained. However, from 14 to 42 days, a decrease of the conductivity has been registered (1.2 mS/cm); 
the conductivity values of the seven filters being decreased. This refers to the height of activated carbon 
in each filter.  This might be expected if taking into account the salinity parameter [17].  
 
 
 
                   Figure 2  : Conductivity time-courses at 25C° 
The chemical oxygen demand is considered as the main indicator of the degree of organic 
pollution [18-19]. Measurements were weekly carried out according to the AFNOR standard (NFT 90-
101).The yields values of the chemical oxygen demand (COD) are displayed in figure 3. At the beginning 
of filters functioning, the filtering yields were about 80.5 %. An increase of the COD yields for all filters 
was observed, linked to the leaching period of sand where the COD values decreased proportionally to 
salts amounts. A stable value of COD was then noted, reflecting the variation of the oxidable organic 
matter.  
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Figure 3: Time-courses of COD yields  
          
         The filtering yield of the pilot N lay between 79.1 and 95.3 %, and should be related to its height 
(60 cm of sand). During the first week, a remarkable curve ascending has been observed, which was 
linked to the maturation of filters [20]. 
 The filtering yield values of pilot N4 was quite good, varying in the range 82.94 to 94.6 %.The 
first measurements of pilot N4 were greater than those of pilot N (85.3%), which should be most likely 
related to the adsorption of the organic matter on the activated carbon [21]. Yields values of pilots N8 and 
N12 lay between 82.9 % (at the beginning of filter functioning) and 95.3% . An intermediate optimal 
value of 94.6 % was registered after the second week. 
For the pilot N16, promising yields were observed in the beginning of the operating time 
(84.4%), which remained nearly constant (82.94%) till the experience was stopped. The same results have 
been noted for pilot N20 (85.27 and 96.1 %); while the higher yields were realized with pilot N24 (89.10 
% – 97.7 %). This result should be assigned to the complete maturation of the sand layer (36cm). Overall, 
it should be noticed that the filtering yields of the different pilots increased with the quantity of activated 
carbon [22-24] 
The observed decrease of the filtering efficiency with time may be explained by the reduction of 
sand porosity [20] and the saturation of the activated carbon [25]. It is to be notified that the filtering 
yields were expressed in terms of the eliminated quantity of COD in Kg/m2/day .These variation are 
shown in figure 4.  
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Figure 4 : Time-courses of COD removal 
 
 In general and for all the pilots, three steps were observed during COD removal. The first one 
coincided with the beginning of the operating time and till the second week. In this case, the quantity of 
eliminated COD increased .This represented the period of maturation and formation of biological films on 
the surface [25]. The next step, namely between the second and the seventh week, corresponded to the 
optimal stage of filter functioning [20]. In this interval of time the COD removal rate remained roughly 
constant and the amount of removed COD reached their maximal values for all the filters. The third stage 
where filters tend to lose their efficiency, the quantities of the eliminated COD deceased, even if a 
significant removal was still observed. 
 
  The biochemical oxygen demand (BOD) represents the quantity of oxygen consumed by aerobic 
microorganisms over a period of five days [26]. The BOD5 was weekly determined according to the 
AFNOR standard using manometric method and not diluted samples (NFEN1899-2)[27-28]. BOD5 
values are represented in figure 6. The BOD5 yields lay between 94% and 99%. During the first days, the 
DOB5 values reached 96.7%. After a week, all the filters showed remarkable yields (98.4%) except pilots 
N and N4. In the second week, approximately the same results were registered. This stage corresponds to 
the maturation period [29-30]. The observed decrease of yields may be attributed to the weakness of 
filters [2]. In general, the BOD5 values are acceptable indicating a significant degradation of the organic 
matter. 
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Figure 5 :  BOD5 yields (%) in function of time 
 
5. Conclusion. 
In light of the above results, the valorization of sand dune resources used as a filtering support in 
the treatment of wastewater represents a promising alternative for the development of large-scale pilots. 
Indeed, this choice would enable to minimize resorts to costly techniques that require the implication of 
huge means of management and maintenance. 
 The proposed experimental device was constituted of pilots containing a bi-layer fixed bed made 
of an appropriate mixture of activated carbon and sand dune. An important elimination efficiency of 
organic matter has been obtained. The chemical and biochemical oxygen demand yields are respectively 
97.7 % and 99%. 
 The study of the filtration efficiency, in the present case, seems to be a powerful mean for the 
evaluation of local materials especially for water quality improvement and the preservation of the 
environment.  
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